Kaposi's sarcoma-associated herpesvirus or human herpesvirus 8 (HHV8) is the etiological agent of Kaposi's sarcoma (KS), the most frequent malignancy in patients with acquired immunodeficiency syndrome (Moore and Chang, 2001) . Histologically, KS is characterized by the presence of distinctive proliferating spindle-like cells, activated endothelial cells, fibroblast, smooth muscle cells and infiltrating inflammatory cells (Masood et al., 1993; Ensoli and Gallo, 1995) . The spindle cells in KS are believed to arise from HHV8-infected endothelial cells and, consistent with this notion, HHV8-infected endothelial cells have been detected in the very early lesions of KS before the appearance of extensive spindle cell formation (Beckstead et al., 1985; Corbeil et al., 1991; Kennedy et al., 1998) . HHV8 has also been shown to infect both microand macro-vascular endothelial cells in vitro, which is associated with the expression of latency-associated genes and acquisition of spindle cell morphology (Flore et al., 1998; Moses et al., 1999; Ciufo et al., 2001) . Although latent-state gene expression of HHV8 is believed to be sufficient for the induction of spindle cell morphology in vascular endothelial cells, the HHV8 gene(s) involved in this process have not been clearly defined.
The HHV8 genome contains an open-reading frame K13 (K13/orf71), which is one of the few genes to be expressed in latently infected KS spindle cells (Sturzl et al., 1999) . The K13 gene encodes for a protein with two homologous copies of a death effector domain, which is also present in the prodomain of caspase-8 (Bertin et al., 1997; Hu et al., 1997; Thome et al., 1997) . K13 protein was originally believed to protect virally infected cells from death receptor-induced apoptosis by preventing the activation of caspase-8 and, as such, was classified as a viral Fas-associated death domain protein-like IL-1b-converting enzyme inhibitory protein (vFLIP) (Bertin et al., 1997; Hu et al., 1997; Thome et al., 1997) . However, we have subsequently shown that K13 is a strong inducer of the NF-kB pathway through the activation of the IkB kinase complex and does not function as a caspase-8 inhibitor (Chaudhary et al., 1999; Liu et al., 2002; Matta et al., 2003; Matta and Chaudhary, 2004; Chugh et al., 2005) . We and others have further shown that K13 utilizes the NF-kB pathway to promote cellular transformation, cytokine secretion and protection against growth-factor withdrawal-induced apoptosis Sun et al., 2003a Sun et al., , b, 2006 . We were interested in examining the effect of K13 on vascular endothelial cells, as it is one of the few HHV8-encoded proteins to be expressed in latently infected KS spindle cells and, therefore, is an ideal candidate for inducing spindle cell phenotype in HHV8-infected endothelial cells. However, as the induction of spindle cell phenotype by K13 might be accompanied by terminal differentiation, we first developed an inducible system to control its activity at the post-translational level by fusing it to the ligand-binding domain of a mutated estrogen receptor (Figure 1a) . The mutated estrogen receptor does not bind to the physiological ligand estrogen, but binds with very high affinity to the synthetic ligand 4-OHT (4-hydroxytamoxifen) and regulates the activity of its fusion partner in a 4-OHTdependent manner (Picard, 2000) .
We tested the regulation and functional activity of the K13-ER TAM fusion protein by expressing it in a clone of K562 cell line that had been engineered to express a stably integrated copy of an NF-kB-driven luciferase reporter construct (K562-NF-kB-Luc). As shown in Figure 1b , treatment with 4-OHT for 12 h led to a dosedependent induction of luciferase activity in K13-ER TAM -expressing cells, but was without any effect on the empty vector-expressing K562 cells (Figure 1b) . Induction of luciferase activity by treatment with 4-OHT was also accompanied by an increase in NF-kB DNA-binding activity ( Figure 1c ). Taken together, these results demonstrate that the K13-ER TAM system provides tight control of K13 activity in the repressed state and results in rapid and robust induction upon treatment with 4-OHT.
We next generated polyclonal populations of HUVEC with stable expression of the K13-ER TAM construct (Figure 2a) . HUVEC expressing the K13-ER TAM fusion protein maintained their cobblestone appearance and were indistinguishable from the empty vector-expressing cells in their uninduced state, but acquired spindle cell morphology within 24-48 h of treatment with 4-OHT (Figure 2b ), which was accompanied by NF-kB activation as measured by nuclear translocation of p65 subunit of NF-kB ( Figure 2c ). Treatment with 4-OHT had no visible effect on the morphology or the p65 status of empty vector-expressing cells (Figure 2b and c) .
We have previously demonstrated that unlike K13, vFLIP MC159L, from the molluscum contagiousum virus, lacks the ability to activate the NF-kB pathway (Chaudhary et al., 1999) . To confirm the above results and to demonstrate the role of the NF-kB pathway in the acquisition of spindle cell morphology by K13, we infected HUVEC with a control retroviral vector (MIGR2) or vectors encoding K13 and MC159L. Consistent with the previous results with the K13-ER TAM system, we observed dramatic induction of spindle cell morphology in HUVEC transduced with the K13-encoding vector, which was accompanied by nuclear translocation of p65 subunit of NF-kB ( Figure  2d and e). However, HUVEC infected with the control vector or MC159L encoding vector maintained their normal cobblestone-like morphology and cytoplasmic localization of p65 (Figure 2d and e) . Collectively, the above results demonstrate that ectopic expression of K13 is sufficient to induce spindle cell morphology in endothelial cells and suggest the key role of the NF-kB pathway in this process.
KS is an angioproliferative lesion whose early growth is driven in autocrine and paracrine manner by the exuberant production of inflammatory and angiogenic cytokines (Masood et al., 1993; Ensoli and Gallo, 1995) . Some of these cytokines, such as interleukin (IL)-6 and IL-8, are known downstream targets of K13-induced NF-kB pathway Sun et al., 2006) . As shown in Figure 3a , treatment of K13-ER TAM HUVEC cells with 4-OHT was accompanied by strong induction of IL-6 and IL-8 production in the cellular supernatant, thereby demonstrating that K13-induced spindle cell transformation of HUVEC cells is accompanied by production of proinflammatory cytokines. RDC1 is one of the most upregulated genes in HHV8-transformed vascular endothelial cells and was recently shown to play a key role in the HHV8-induced transformation of dermal vascular endothelial cells (Raggo et al., 2005) . We used semiquantitative reverse transcriptase-polymerase chain reaction (RT-PCR) analysis to investigate whether K13-induced spindle cell transformation is TAM fusion construct. The construct was generated by fusing the entire open-reading frame of K13 in frame to the ligand-binding domain of human estrogen receptor (aa 281-595) in which residues G400, M542 and L544 had been mutated to valine, methionine and leucine, respectively. (b) 4-OHT induces a dosedependent increase in NF-kB luciferase activity in K13-ER TAMexpressing K562 NF-kB-Luc cells. Cells were treated with the indicated doses of 4-OHT for 12 h before lysis and luciferase activity was measured as described previously (Liu et al., 2002) . 
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accompanied by the upregulation of RDC1 expression. We observed significant induction of RDC1 gene expression in K13-ER TAM HUVEC cells following 48 h treatment with 4-OHT, whereas no induction was observed in control vector-expressing cells (Figure 3b ). Similar to RDC1, the expression of CXCL3/GRO3 and cyclooxygenase-2 (COX-2), two genes previously known to be upregulated in HHV8-infected endothelial cells (Naranatt et al., 2004) , was highly upregulated following induction of K13 activity (Figure 3b) . We also observed a modest increase in the expression of dual-specificity phosphatase 5 (DUSP5) (Figure 3b ), another gene which is moderately upregulated following HHV8 infection (Naranatt et al., 2004) . Taken together, the above results demonstrate that K13-induced spindle cell transformation of HUVEC cells is accompanied by an increase in the expression of several genes, which have been previously linked to spindle cell transformation by HHV8.
We used Bay-11-7082, a specific inhibitor of the NFkB pathway, to confirm the functional importance of the NF-kB pathway in K13-induced spindle cell transformation of HUVEC cells. Treatment with Bay-11-7082 significantly inhibited the acquisition of spindle cell phenotype and p65 nuclear translocation in K13-ER TAM HUVEC cells following treatment with 4-OHT ( Figure  4a and b) . Finally, we tested the functional importance of the NF-kB pathway in spindle cell transformation by HHV8. As shown in Figure 4c -e, infection of HUVEC cells with HHV8 led to the acquisition of spindle cell K13 induces spindle cell transformation of endothelial cells H Matta et al phenotype, which was accompanied by NF-kB activation as measured by p65 nuclear translocation and IL-6 production. Remarkably, treatment with Bay-11-7082 led to near-complete inhibition of HHV8-induced spindle cell induction, p65 nuclear translocation and IL-6 production ( Figure 4c-e) . Collectively, the above results demonstrate that similar to K13, HHV8-induced spindle cell transformation of vascular endothelial cells is mediated via NF-kB activation.
In summary, we have demonstrated that ectopic expression of a single latent gene HHV8 is sufficient for the acquisition of spindle cell morphology by vascular endothelial cells. Furthermore, our results demonstrate a critical role of the NF-kB pathway in K13-and HHV8-induced development of spindle cell phenotype. NF-kB pathway is known to regulate the expression of a large number of genes involved in cell growth and proliferation, which could be directly involved in the acquisition of spindle cell phenotype. NF-kB activation is also known to upregulate the expression of number of cytokines and chemokines, such as IL-6, IL-8 and CXCL3, which could potentially act in an autocrine and paracrine manner to stimulate spindle cell transformation of the infected and bystander uninfected endothelial cells. However, we have observed that conditioned medium from 4-OHT-treated HUVEC K13-ER TAM cells is incapable of inducing spindle cell phenotype when added to a fresh culture of HUVEC cells (our unpublished results), thereby arguing against the latter possibility. Studies are currently in progress to identify and characterize the NF-kB target genes involved in K13-induced spindle cell transformation of endothelial cells. TAM were treated with 4-OHT (100 nM) in the absence and presence of Bay-11-7082 (4 mM) for 24 h before fixation and staining with a p65 antibody followed by an Alexa Fluor 588 goat anti-rabbit secondary antibody. Cells were photographed under phase-contrast (a) and fluorescent microscopes (b), respectively. (c, d) HUVECs were treated with Bay-11-7082 (4 mM) for 2 h before infection with HHV8 (generated from BCBL-1 cell line). Four hours post-infection, the medium was changed with fresh medium containing Bay-11-7082 (4 mM). After overnight incubation, supernatant was collected and cells fixed and immunostained with a p65 antibody as described above for Figure 4b . (e). Infection with HHV8 induces IL-6 secretion by HUVEC, which is blocked by treatment with Bay-11-7082. IL-6 levels were measured in the supernatant of HHV8-infected HUVEC, which were collected in the experiment described in Figure 4d .
K13 induces spindle cell transformation of endothelial cells
H Matta et al
